Introduction {#S0001}
============

As a consequence of the rise in opioid prescriptions over the last 20 years, prescription opioid dependence and overdose have increased to epidemic proportions, in both the United States (US) and Canada.[@CIT0001]--[@CIT0004] A 2015 US national survey reported that 0.8% of the general population had opioid use disorder with a higher prevalence among prescription opioid users (2.1%) and among US chronic pain patients (8--12%).[@CIT0005],[@CIT0006] A registry of almost 400,000 individuals who filled at least one opioid prescription showed over a 3-year follow-up similar rate of opioid misuse (2.7%) and a very low rate of opioid overdose (0.28%).[@CIT0007] Rates of emergency department visits and hospitalizations due to opioid poisoning and opioid use disorder have also increased substantially from 2013 to 2017 in Canada.[@CIT0008],[@CIT0009]

Given the greater prevalence of chronic pain in older adults, they may be more exposed to prescription opioids.[@CIT0010] Indeed, an increase in prescription opioid use, misuse, and overdose has been observed among older adults in the past 10 years in the US.[@CIT0010],[@CIT0011] Furthermore, in 2017, the rate of opioid poisoning hospitalizations was estimated at 16 cases per 100,000 in the general Canadian population, and around 18 per 100,000 population in individuals aged 65 or more.[@CIT0008]

Patients suffering from traumatic injury (eg, vehicle accidents, falls, penetrating wounds) are often treated with opioid analgesics during the acute phase and some of them will develop long-term opioid use and/or chronic pain.[@CIT0012] Older trauma patients are at risk of long-term opioid use, especially if they have a history of preinjury or early postinjury opioid consumption.[@CIT0013] It has also been shown that a significant portion of older trauma patients (15.3%) will develop chronic pain 12 months following injury.[@CIT0014] Therefore, elderly trauma patients may be more at risk of opioid misuse.

Several opioid overdose or misuse risk factors have been identified in the chronic pain or trauma populations; male sex, younger age, comorbid medical or psychiatric conditions, opioid prescriptions used before and after trauma discharge, history of substance use disorder, and opioid overdose in the past 12 months.[@CIT0015]--[@CIT0019] However, risk factors specific to older trauma patients have not been determined, and these could help health professionals choose more wisely those who will benefit from opioid treatment without major risk of opioid poisoning or opioid use disorder.

The primary objective of the study was to establish the incidence of opioid poisoning and opioid use disorder in an older trauma population. The secondary objectives were to identify risk factors of opioid poisoning or opioid use disorder in the same trauma population, particularly the association with opioid use during the acute phase after hospital discharge. We hypothesized that rates of opioid poisoning and opioid use disorder would be more likely to occur in older trauma patients that use opioids in the acute phase following injury.

Methods {#S0002}
=======

Study Design and Population {#S0002-S2001}
---------------------------

We conducted a retrospective multicenter cohort study using medical consultations and medications from three governmental population databases (the Quebec Trauma Registry, the Maintenance et exploitation des données pour l'étude de la clientèle hospitalière \[MED-ECHO\] and the Régie de l'Assurance Maladie du Québec \[RAMQ\]). We selected patients 65 years and older admitted for injury in any of the 57 adult trauma centers (3 level I, 5 level II, 21 level III, and 28 level IV) in the province of Quebec (Canada) between January 1, 2004 and March 31, 2014. These patients are automatically covered by the RAMQ program for their health care and medications. However, a small proportion of older patients are covered by a private medication insurance and were excluded because their data were not available for our study.

Study Databases {#S0002-S2002}
---------------

The Quebec Trauma Registry was developed in 1993 and involves mandatory prospective data collection for patients admitted to any trauma center for an injury according to the following criteria: death following injury, hospital stay greater than 2 days, intensive care unit, or transfer from another hospital. Medical archivists extract registry data from patients' medical files using standardized coding protocols. Anatomic injuries are coded with the Abbreviated Injury Scale (AIS) according to guidelines published by the Association for the Advancement of Automotive Medicine.[@CIT0020] The registry is centralized at the RAMQ of the Quebec Ministry of Health and is subject to periodic validation.

The RAMQ medical consultations and prescription medication database is an administrative database maintained by the Quebec Ministry of Health and contains diagnostic information of all medical consultations and medication prescriptions filled for every patient covered by the government RAMQ medication insurance in the province of Quebec, which represents 84% of our sample. Only patients with private insurance are not included in this database. The medication database contains the date of dispensation, common drug denominations, form, dosage, and quantity prescribed by physicians. The medical consultation database contains the date of visit and ICD-9 codes diagnosis.

MED-ECHO (Maintenance et exploitation des données pour l'étude de la clientèle hospitalière) is a medico administrative database managed by the Quebec Ministry of Health. It contains information on primary and secondary ICD-9 or ICD-10 code diagnoses and medical interventions for all hospitalizations in the province of Quebec.

The three databases were linked using unique anonymous identification numbers provided by the RAMQ. Access to these databases required the approval of the ethics review boards of the \[Commission d'accès à l'information du Québec\] and of the \[Responsable de l'accès à l'information et de la protection des renseignements personnels de la RAMQ\]. Patient information for the three databases was available for the time period ranging from 1-year before the trauma to 8 years after hospital discharge (maximum allowed).

Primary Outcomes {#S0002-S2003}
----------------

Opioid poisoning was searched for separately in the hospital discharge and physician billing databases (not hospitalized), since the former represent more severe episodes. Opioid poisoning codes retained for analysis were ICD-9 (965.00 or 965.80), or ICD-10 (T40.0, T40.1, T40.2, T40.3, T40.4, or T40.6). Opioid use disorder was searched for in the hospital discharge and physician billing databases and the codes retained were ICD-9 (304.00, 304.70 or 305.50), or ICD-10 (F11.0, F11.1, F11.2, F11.3, F11.4, F11.5, F11.6, F11.7, F11.8, or F11.9). For both outcomes, the diagnosis needed to be made after the index trauma.

We also searched in the prescription medication database for filled opioid prescriptions including codeine, hydromorphone, meperidine, oxycodone, methadone, fentanyl, tramadol, pentazocine, morphine and their combination with acetaminophen. Hydrocodone is not used for pain management in Canada. Opioid use during the acute phase was defined as filling at least one opioid prescription during the first 90 days after discharge of the index hospitalisation for injury.

Database Variables {#S0002-S2004}
------------------

From the three databases, we extracted the following: age, sex, injury mechanisms (fall, motor vehicle accident, penetrating injury, or other), injury severity score (ISS), abbreviated injury scale (AIS), number of injuries, length of emergency department and hospital stay, surgeries, intensive care unit (ICU) admission. A score greater than 15 on the ISS was used to define major trauma or multisystem trauma.[@CIT0021] The MED-ECHO and RAMQ medical consultation databases were used to identify patients who had an ICD-9 or ICD-10 code for depression, anxiety, alcohol use disorder, opioid prescriptions filled, substance use disorder, or opioid poisoning in the year before the target trauma.

Statistical Analyses {#S0002-S2005}
--------------------

Since small differences can result in statistically significant results in very large populations, the characteristics of the included sample and those of patients who were excluded were compared using Cohen's effect sizes.[@CIT0022] Small, medium, and large effect sizes for Chi-square and Mann--Whitney *U*-tests are 0.1, 0.3, and 0.5, respectively. Medium and higher effect sizes were considered clinically significant for these analyses. Associations between filling an opioid prescription during the acute phase after the trauma and opioid poisoning or opioid use disorder (controlling for other clinical characteristics) were evaluated using Cox proportional hazards regression analyses. Time to opioid poisoning or opioid use disorder was used as survival time and duration of follow-up (or time to death) was used for censored data. Hazard ratios (HR) were calculated with 95% confidence intervals. Alpha levels were set at 0.05, and all analyses were performed using SPSS version 25 (IBM, Somers, NY).

Results {#S0003}
=======

Cohort Characteristics {#S0003-S2001}
----------------------

The Quebec Trauma Registry included a total of 84,241 adult patients aged 65 and older admitted for a trauma between 2004 and 2014. Of these patients, 16.5% were excluded because they were not covered by the RAMQ medication insurance (data from patients with private insurance were not available), leaving 70,314 subjects for the final sample. Excluded patients were similar in all aspects to the selected sample ([Table 1](#T0001){ref-type="table"}). In our cohort, the median age was 82 (IQR: 75--87) years and 68% were female. The most common mechanism of injury was falls (89%), 59% had surgery, median hospital stay was 12 days, and the median follow-up was 2.6 years (IQR: 1--5). The percentage of patients who filled an opioid prescription within 3 months after the target injury was 34.0% (95% CI: 33.6%-34.4%). Opioid use during the index hospitalization was not available.Table 1Baseline Characteristics of Included and Excluded PatientsBaseline CharacteristicsIncluded (N=70,314)Excluded (N=13,927)Effect Size\*Age, median (IQR, range), year82 (75--87, 65--107)84 (77--89, 65--108)0.07^b^Sex, No. (%), women47,994 (68)8,845 (64)0.04Mechanism of injury, No. (%) Fall62,284 (89)12,646 (91)0.03 Motor vehicle accident4,612 (7)684 (5) Penetrating1,033 (2)182 (1) Other2,385 (3)415 (3)Number of injuries, No. (%) 142,650 (61)9,048 (65)0.03 213,828 (20)2,359 (17) 3 or more13,836 (20)2,520 (18)Major trauma (ISS\>15), No. (%)7,721 (11)2,009 (14)0.04Surgery during hospitalization, No. (%)41,313 (59)8,871 (64)0.04Intensive care admission, No. (%)7,934 (11)2,211 (16)0.05Alcohol use disorder in the previous year, No. (%)1,723 (3)447 (3)0.02Substance use disorder in the previous year, No. (%)430 (1)84 (1)\<0.01Depression diagnosis in the previous year, No. (%)3,500 (5)713 (5)\<0.01Anxiety diagnosis in the previous year, No. (%)5,400 (8)847 (6)0.02ED stay duration, median (IQR), hour17 (7--29)14 (6--26)0.05^b^Hospital stay duration, median (IQR), days12 (7--23)7 (4--13)0.20^b^[^1]

Opioid Poisoning Following Injury {#S0003-S2002}
---------------------------------

After a trauma-related hospitalisation, 207 (0.29%; 95% CI: 0.25%-0.33%) patients were diagnosed with opioid poisoning, 192 (0.27%) were hospitalized and only 15 (0.02%) patients had this diagnosis without hospitalization. The median time of occurrence of opioid poisoning was 15.3 months (IQR: 5.4--31.7). [Table 2](#T0002){ref-type="table"} shows the adjusted hazard ratios for patient characteristics of hospitalized opioid poisoning. We did not include opioid poisoning without hospitalization because they could be only minor side effects from opioids. Controlling for all other variables, being younger, having a substance abuse disorder diagnosis the year before the trauma, having an opioid prescription filled the year before the trauma, having opioid poisoning in the year before the trauma, having a longer follow-up and hospital stay, and having filled an opioid prescription within 3 months after the injury were all significantly associated with opioid poisoning. Notably, patients who filled an opioid prescription within 3 months after the injury were 2.8 (95% CI: 2.1--3.8) times more likely to suffer from opioid poisoning. Opioid poisoning in the year before trauma (2.7; 95% CI: 1.1--7.4), substance use disorder the year before trauma (3.1; 95% CI: 1.4--7.3), and opioid prescription filled in the year before trauma (2.4; 95% CI: 1.8--3.3) were also associated to opioid poisoning with similar strength.Table 2Associations Between Patients' Characteristics and Opioid Poisoning HospitalizationPatients' Characteristics No. (%)Opioid PoisoningHR (95% CI)Yes (N=192)No (N=70,122)Sex: Female147 (76.6)47,847 (68.2)1.30 (0.91--1.84) Male45 (23.4)22,275 (31.8)Age category, y: 65--7466 (34.4)18,060 (25.8)**1.74 (1.13--2.68)** 75--8493 (48.4)28,847 (41.1)**1.74 (1.16--2.59)** ≥8533 (17.2)23,215 (33.1)ReferenceMechanism of injury: Fall177 (92.2)62,107 (88.6)Reference Motor vehicle accident9 (4.7)4,603 (6.6)0.54 (0.27--1.07) Penetrating2 (1.0)1,031 (1.5)0.63 (0.16--2.59) Other4 (2.1)2,381 (3.4)0.48 (0.18--1.31)Major trauma (ISS\>15):14 (7.3)7,707 (11.0)0.74 (0.41--1.32)Intensive care admission:25 (13.0)7,909 (11.3)1.50 (0.96--2.34)Hospital stay duration, median (IQR), days:14 (7--26)11 (6--22)**1.01 (1.01--1.01)**Alcohol use disorder the year before trauma:5 (2.6)1,718 (2.5)0.99 (0.40--2.46)Substance use disorder the year before trauma:6 (3.1)424 (0.6)**3.12 (1.35--7.25)**Depression diagnosis the year before trauma:16 (8.3)3,484 (5.0)1.28 (0.75--2.19)Anxiety diagnosis the year before trauma:19 (9.9)5,381 (7.7)0.96 (0.58--1.56)Opioid prescription filled in the year before trauma:66 (34.4)10,417 (14.9)**2.41 (1.76--3.30)**Opioid prescription filled within 3-month after trauma:120 (62.5)23,541 (33.6)**2.80 (2.05--3.80)**Opioid poisoning in the year before trauma:4 (2.1)250 (0.4)**2.72 (1.01--7.41)**[^2]

Opioid Use Disorder Following Injury {#S0003-S2003}
------------------------------------

During the follow-up, only 73 participants (0.10%; 95% CI: 0.07%-0.13%) were diagnosed with opioid use disorder. The median time of occurrence of opioid use disorder was 17.3 months (IQR: 4.4--38.2). [Table 3](#T0003){ref-type="table"} shows the adjusted hazard ratios of opioid use disorder for patient characteristics. Controlling for all other variables, having substance abuse disorder diagnosis the year before the trauma, having an opioid prescription filled the year before the trauma, having a longer follow-up, and having filled an opioid prescription within 3 months after the injury were all significantly associated with opioid use disorder. Particularly, patients who filled an opioid prescription within 3 months after the injury were 4.0 (95% CI: 2.5--6.6) times more likely to have suffered from opioid use disorder after the injury. Again, substance use disorder the year before trauma (7.1; 95% CI: 3.1--16.5), and opioid prescription filled in the year before trauma (4.0; 95% CI: 2.5--6.6) were also highly related to opioid use disorder after the injury.Table 3Associations Between Patients' Characteristics and Opioid Use DisorderPatients' Characteristics No. (%)Opioid Use DisorderHR (95% CI)Yes (N=73)No (N=70,241)Sex: Female58 (79.5)47,936 (68.2)1.66 (0.90--3.05) Male15 (20.5)22,305 (31.8)Age category, y: 65--7428 (38.4)18,098 (25.8)1.52 (0.75--3.09) 75--8433 (45.2)28,907 (41.2)1.48 (0.76--2.88) 85 and more12 (16.4)23,236 (33.1)ReferenceMechanism of injury: Fall62 (84.9)62,222 (88.6)Reference Motor vehicle accident5 (6.8)4,607 (6.6)0.92 (0.36--2.38) Penetrating3 (4.1)1,030 (1.5)3.18 (0.95--10.6) Other3 (4.1)2,382 (3.4)1.01 (0.32--3.22)Major trauma (ISS\>15):7 (9.6)7,714 (11.0)1.09 (0.47--2.54)Intensive care admission:10 (13.7)7,924 (11.3)1.59 (0.78--3.28)Hospital stay duration, median (IQR), days:10 (6--18)11 (6--22)1.00 (0.99--1.02)Alcohol use disorder the year before trauma:3 (4.1)1,720 (2.4)1.16 (0.35--3.84)Substance use disorder the year before trauma:7 (9.6)423 (0.6)**7.12 (3.08--16.5)**Depression diagnosis the year before trauma:10 (13.7)3,490 (5.0)1.57 (0.77--3.22)Anxiety diagnosis the year before trauma:13 (17.8)5,387 (7.7)1.58 (0.84--2.97)Opioid poisoning in the year before trauma:2 (2.7)215 (0.3)2.48 (0.60--10.3)Opioid prescription filled in the year before trauma:37 (50.7)10,446 (14.9)**3.99 (2.44--6.51)**Opioid prescription filled within 3-month after trauma:55 (75.3)23,606 (33.6)**4.22 (2.41--7.40)**[^3]

Opioid Poisoning or Opioid Use Disorder Following Injury {#S0003-S2004}
--------------------------------------------------------

A total of 273 (0.4%; 95% CI: 0.35%-0.45%) patients suffered from opioid poisoning or opioid use disorder during the follow-up and, after controlling for the other variables, patients who filled an opioid prescription within 3 months after the injury were 3.2 (95% CI: 2.4--4.2) times more likely to have suffered from one or both disorders after the injury. Again, opioid poisoning in the year before trauma (2.8; 95% CI: 2.2--3.6), substance use disorder the year before trauma (4.3; 95% CI: 2.4--7.7), and opioid prescription filled in the year before trauma (2.8; 95% CI: 2.2--3.6) were also associated with opioid poisoning or opioid use disorder after the injury. Only seven patients suffered from both opioid poisoning and opioid use disorder.

Discussion {#S0004}
==========

Even though one third of the older patients included in the trauma registry had filled at least one opioid prescription in the acute period after trauma, the incidence of opioid poisoning and opioid use disorder remained low during the 2.6-year follow-up. Nevertheless, this study confirms an association between acute phase opioid use and future opioid poisoning or opioid use disorder in the older trauma population. History of opioid poisoning, substance use disorder, or opioid prescriptions filled the year before trauma demonstrated similar associations.

The rate of opioid poisoning hospitalization (105 cases per 100,000/year) is substantially higher than that observed in the Canadian general older population (18 per 100,000/year in 2017),[@CIT0008] but similar to the one reported in a US study on a registry of 400,000 individuals who filled at least one opioid prescription (0.3%).[@CIT0007] Therefore, the fact that our older population used opioids because of their injury further increased the risk of opioid poisoning compared to a Canadian general older population.

The rate of opioid use disorder observed in our data (0.1%) is substantially lower than that reported in a US national survey of the general population in 2015 (0.8%).[@CIT0005] However, the population and study design are different in both studies and the opioid crisis is greater in the US than in Canada (especially in the Quebec province). However, the rate of opioid poisoning or opioid use disorder observed in our cohort (15 cases per 10,000 persons/y) is similar to that reported in a study on US older patients in 2014 (15 cases per 10,000 persons).[@CIT0011]

The risk factors for opioid poisoning or opioid use disorder identified in our older trauma population are generally the same as those reported in other studies.[@CIT0015]--[@CIT0019] Acute opioid prescription filling after trauma was related to opioid poisoning but a history of substance use disorders, previous opioid use, and history of opioid poisoning also contributed to the prediction of opioid poisoning. Our results also showed that younger patients (\<84 y.o.) had a higher incidence of opioid poisoning than the oldest group (≥85 y.o.). This is in line with other studies reporting that younger individuals (\<40 y.o.) are more prone to opioid overdose compared to patients aged 65 and older.[@CIT0007],[@CIT0011],[@CIT0019]

Risk factors for opioid use disorder were slightly different than those observed in opioid poisoning; no age effect was detected. However, substance use disorder in the previous year was the most important predictor of an opioid use disorder, as reported in other studies.[@CIT0015]--[@CIT0019] Since only seven patients were diagnosed with opioid poisoning and opioid use disorder, we could hypothesise that most opioid poisonings are accidental.

In recent years, the mainstream in pain management be it for chronic or acute conditions, is to avoid opioid use as much as possible. However, opioids remain an important treatment for acute, severe pain.[@CIT0023] In February 2018, the International Association for the Study of Pain strongly advocates for access to opioids for the humane treatment of severe short-lived pain, using reasonable precaution to avoid misuse, diversion, and other adverse outcomes.[@CIT0024] In our cohort of older trauma patients, we observed an association between acute opioid use after a trauma and opioid poisoning or opioid use disorder. However, the median delay of occurrence of opioid poisoning was 15 months after the target trauma and the incidence of opioid poisoning or opioid use disorder was low (0.4%) and associated with a history of substance abuse disorder or previous opioid use. The low level of opioid misuse observed justifies the use of opioids in older trauma population suffering from acute pain. However, it is therefore preferable to use opioids during the acute phase after trauma more cautiously in older patients with a history of substance use disorder, opioid poisoning or opioid use during the past year.

Our study captured a very large cohort of older patients from a robust registry that includes the vast majority of trauma cases of the province of Quebec using validated and objective inclusion criteria over a period of 10 years. Since every resident of the province is covered by free universal health insurance, our study includes all medical consultations and hospitalizations diagnoses. It also contains all prescription medications filled for the study period for patients that were covered by the RAMQ medication insurance plan (a small proportion were not covered and were excluded). The exhaustive information on the health care services received in this cohort allowed the determination of precise and accurate rates and risk factors of opioid poisoning and opioid use disorder, which constitutes the major strength of our study.

Study Limitations {#S0005}
=================

Pain medications administered during the target trauma hospitalization were not available and therefore could not be considered in the present study. Analgesics available without a prescription were not in the database and could have influenced how opioids were consumed. Also, patients could have filled their opioid prescriptions but not consumed them. As well, it is possible that opioid use disorder is underreported in these databases. The advanced age of the participants may limit the duration of the follow-up for an important part of the cohort. Reports of alcoholism, substance abuse disorder, depression, anxiety, prescription opioid filling, and opioid poisoning were limited to the year preceding the target injury. Therefore, the association of these conditions and opioid consumed with opioid poisoning or opioid use disorder could have been underestimated. Some opioid prescription guidelines (acute and chronic) were published after our data were obtained and could possibly affect the rates of opioid misuse in the future. However, this should not affect the risk factors of opioid poisoning or opioid use disorder after trauma.

Conclusions {#S0006}
===========

In summary, opioid poisoning and opioid use disorder are relatively rare events in the older trauma population, including patients who were prescribed opioids after hospitalization for injury. This supports the use of opioids in older trauma population suffering from acute pain. It also suggests that opioids should be used cautiously in older patients with a history of substance use disorder, opioid poisoning or opioid use.
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[^1]: **Notes:** \*Effect size from chi-square test; ISS: injury severity scale; IQR, interquartile range; ED, emergency department;^b^effect size from Mann--Whitney *U*-test; Small, medium and large effect sizes for Chi-square and Mann--Whitney *U*-tests are 0.1, 0.3, and 0.5, respectively; Medium and higher effect sizes were considered clinically significant.

[^2]: **Note:** Bold: Hazard ratios significant at p\<0.05.

    **Abbreviations:** HR, hazard ratio; CI, confidence interval.

[^3]: **Note:** Bold: Hazard ratios significant at p\<0.05.

    **Abbreviations:** HR, hazard ratio; CI, confidence interval.
